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6HPLFRQGXFWRU ODVHUGLRGHKDVPDQ\DGYDQWDJHV VXFKDV VPDOO LQVL]H OLJKW FKHDSDQG ORQJHVW VHUYLFH OLIH LQ
FRPSDULVRQWRJDVHRXVOLTXLGDQGRWKHUVROLGVWDWHODVHUV+RZHYHULWDOVRKDVDGUDZEDFNLQZDYHOHQJWK7KHODVHU
GLRGHZDYHOHQJWKLVDIIHFWHGE\WKHXQVWDEOHRIWHPSHUDWXUHDQGFXUUHQW)RUWKLVUHDVRQGHYHORSPHQWRIODVHUGLRGH
GULYHUWRVWDELOL]HZDYHOHQJWKLVQHFHVVDU\WRLPSURYHWKHSHUIRUPDQFHRIJDXJHEORFNLQWHUIHURPHWHU
7RUHJXODWHFRQVWDQWFXUUHQWWKHGULYLQJFLUFXLWRIWKHODVHUGLRGHKDVWREHVWDEOHDQGORZQRLVH7KHRSHUDWLQJ
SRLQWRIWKHODVHUGLRGHFDQEHGLVWXUEHGE\QRLVH7KHLQVWUXPHQWRSHUDWLRQDODPSOLILHURSDPSFDQVROYHWKHQRLVH
SUREOHPEHFDXVHWKHDGYDQWDJHRIORZSRZHULQWHJUDWHGFLUFXLW7RFRQWUROWHPSHUDWXUHRIODVHUGLRGHSURSRUWLRQDO
LQWHJUDO GHULYDWLYH 3,' PHWKRG ZLOO EH XVHG LQVWHDG RI WKH VWDQGDUG SURSRUWLRQDO LQWHJUDO 3, IRU IOH[LEOH
DGMXVWPHQW
0DWHULDOVDQG0HWKRGV
2.1. Constant Current Circuit Design 
6FKHPDWLFGLDJUDPRIWKHFRQVWDQWFXUUHQWFLUFXLWFDQEHVKRZQLQ)LJ7KHFLUFXLWFRQVLVWHGRIWZRPDLQRS
DPSV2QHZDV23ORZLQSXWRIIVHWYROWDJHDQGORZQRLVHZKLFKZDVFRQQHFWHGWRWKHYROWDJHFRQWUROFXUUHQWDW
WKHQRQLQYHUWLQJLQSXWSLQ)URPWKLVYROWDJHFRQWUROOHGLQSXWWKHFXUUHQWZDVDGMXVWHGWRWKHGHVLJQHGOHYHODQG
WKHRXWSXWRIWKLVRSDPSZDVFRQQHFWHGWRGULYHFXUUHQWRQ.36WKHFXUUHQWFRQWUROWUDQVLVWRU$QRWKHURSDPS
ZDV,1$ZKLFKFXUUHQWOHYHOGHSHQGHGRQLWVYROWDJHJDLQGSDUDPHWHU7KHFXUUHQWYDOXHFDQEHFDOFXODWHGE\

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ZKHUHiLLVWKHFXUUHQWOHYHORIWKHODVHUGLRGHDQGR2LVWKHUHVLVWDQFHEHWZHHQLQYHUWLQJDQGQRQLQYHUWLQJLQSXWVRI
,1$:LWKFRQVWDQW*WKHFXUUHQWZDVDGMXVWHGE\WKHYROWDJHFRQWUROOHGLQSXWDQGWKHYROWDJHUHJXODWRU
ZLWKWKHODUJHFDSDFLWDQFHRXWSXWC4)OHDGLQJWRVWDEOHYROWDJHWKHQWKHFRQVWDQWFXUUHQWZDVDFKLHYHG
 

 
)LJ&RQVWDQWFXUUHQWFLUFXLWZLWKYROWDJHLQSXWDGMXVWHGFXUUHQWOHYHOVLQIURPWKHRXWSXWRI
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2.2. Temperature Controller 
7KHZDYHOHQJWKRIODVHUGLRGHGHSHQGVRQLWVWHPSHUDWXUHVRWKDWWKHODVHUGLRGHVKRXOGEHRSHUDWHGDWDFRQVWDQW
WHPSHUDWXUHWRVWDELOL]HWKHZDYHOHQJWK7KHKDUGZDUHGHVLJQRIWHPSHUDWXUHFRQWUROOHUZDVEDVHGRQ7(&WKDWFDQ
SHUIRUPDVHLWKHUDFRROHURUKHDWHUFRQWURO,QWKLVGHVLJQZHXVHGLWDVDFRROLQJFRQWUROGHYLFHEHFDXVHWKHODVHU
GLRGHZLOOEHRQO\KRWZKHQLWZRUNV7KHUHZHUHWKUHHPDLQSDUWVRIWKHKDUGZDUH7KHILUVWSDUWZDVKHDWVLQNDQG
HOHFWULF IDQ IRU KHDWLQJ VLGH 7R UHGXFH WKH WHPSHUDWXUH LQ FRRO VLGH WKH KHDW IURP KRW VLGHPXVW EH GUDZQRXW
$FFRUGLQJWRWKLVUHTXLUHPHQWWKHIDQZDVXVHIXO7KHVHFRQGSDUWZDVDFRROLQJSODWHWKDWFRQQHFWHGZLWKFRROVLGH
DQGWKHODVHUGLRGHIRUUHGXFLQJWKHWHPSHUDWXUHLQLW:LWKXQNQRZQWHPSHUDWXUHWKHV\VWHPZRXOGQRWNQRZKRZ
WRUHDFWWKHUHIRUHWKHODVWSDUWZDVDWHPSHUDWXUHUHDGLQJVHQVRU/07KLVVHQVRUW\SHFDQSHUIRUPYHU\IDVW
DQG UHDG WKRXVDQGV HYHU\ VHFRQG >@ 7KH VHQVRU FRQQHFWHG WR WKH ELW $QDORJWRGLJLWDO FRQYHUWHU $'&
0&3 IRU UHDGLQJ WHPSHUDWXUH YROWDJH 7KH WHPSHUDWXUH VHQVLWLYLW\ ZDV  P9R& :LWK  9 UHIHUHQFH
YROWDJHV WKH $'& VWHS YROWDJH ZDV  P9 WKDW LV YHU\ ILQH WKHQ WKH $'& ZLOO SURYLGH  R& )RU WKLV
WHPSHUDWXUHUHVROXWLRQWKHWHPSHUDWXUHFRQWUROOHUZRUNHGVDWLVIDFWRULO\
7KH PDLQ FRQWURO XQLW RI WHPSHUDWXUH FRQWUROOHU ZDV $UGXLQR WKDW ZDV XVHG LQWHUIDFH RI $'& IRU UHDGLQJ
WHPSHUDWXUHYROWDJHDQGVHQGLQJWKLVWHPSHUDWXUHWRWKHLQSXWRI3,'FRQWUROOHU7KH3,'LVWKHFORVHORRSIHHGEDFN
PHFKDQLVP WKDW XVHV LQIRUPDWLRQ IURP PHDVXUHPHQW RU LQSXW 3 , DQG ' VWDQG IRU SURSRUWLRQDO LQWHJUDO DQG
GHULYDWLYH UHVSHFWLYHO\ 3,' FRQWUROOHU LV EDVHG RQ DQ HUURU WKH GLIIHUHQW EHWZHHQ LQSXW DQG VHWSRLQW WR OHDG WKH
V\VWHPGHVLJQHGRU VHWSRLQW7KHSURSRUWLRQDO UHDFWLRQSUHVHQWV HUURU WKDWPHDQV WKHRXWSXWZLOO LQVWDQWO\ FKDQJH
ZLWKQRLVHWRWKHVHWSRLQW)RUWKHHIIHFWRISDVWHUURUWKHLQWHJUDODQGGHULYDWLYHGHWHUPLQHWKHIXWXUHQRLVHWRDGMXVW
WKHRXWSXW7KH(TGHVFULEHVWKHRXWSXWRI3,'ZLWKDOOSURSRUWLRQDOLQWHJUDODQGGHULYDWLYHFRQWUROOHUV

³  
t
dip dt
tde
kdektektu

 WW  

:KHUHe(t) LVWKHHUURURIWKHV\VWHPWKDWFRUUHVSRQGVWRWKHLQSXWGLIIHUHQWIURPVHWSRLQW7KHkpkiDQGkdDUHWKH
JDLQSDUDPHWHUVRI3,',QRXUZRUNZHXVHGWKH$UGXLQR3,'OLEUDU\IRUFRQWUROOLQJWKHWHPSHUDWXUHRIWKHV\VWHP
3,'RXWSXWZDVXVHGWRFRQWUROFXUUHQWRQ7(&ZLWKWKHPRWRUGULYHUPRGXOH/DQGWKHFORVHORRSWHPSHUDWXUH
FRQWUROV\VWHPLVVKRZQLQ)LJ7KHFORVHORRSEHJLQVZLWKFRPSDULQJWKHHUURUIURPVHWSRLQWWHPSHUDWXUH63
DQGUHDGLQJWHPSHUDWXUH57DVWKHLQSXWRIWKH3,'7KHQWKHRXWSXWRI3,'LVVHQWWRFRQWUROV\VWHPWHPSHUDWXUH
E\7(&,QVWDQWO\WKHVHQVRUGHWHFWVWKHFKDQJLQJWHPSHUDWXUHDQGUHDGVLWIRUEHJLQQLQJRIWKHORRSDJDLQ
 

 
)LJ7KHGLDJUDPRIFORVHORRSWHPSHUDWXUHFRQWURO
5HVXOWDQG'LVFXVVLRQ
:HWHVWHGRXUFRQVWDQWFXUUHQWFLUFXLWE\PHDVXULQJ WKHFXUUHQWRQ UHG ODVHUGLRGHRIP:DQGQP7KH
VHOHFWHGVLQZDV9DQGRSHUDWHGRYHUPLQXWHV7KHFXUUHQWZHUHPHDVXUHGE\)OXNHEHQFKWRSPXOWLPHWHU
ZLWKDFFXUDF\EHWWHUWKDQP$DQGZHIRXQGWKDWWKHFXUUHQWVWDEOHDWP$
7RILQGWKHEHVW3,'JDLQZLWKWKHPDQXDOPHWKRGZHVWDUWHGWRDGMXVWWKHkpXQWLOHTXDOki kd ZLWK
VHWSRLQWWHPSHUDWXUHRIR&WKHQWKHWHPSHUDWXUHRIODVHUGLRGH7(&FRROLQJV\VWHPJHWWRR&IRUDORQJ
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WLPH)RUWKHPDQXDOPHWKRGZHVHWkpWR$QGWKHQH[WJDLQDGMXVWHGZDVkiWKDWZHJUDGXDOO\LQFUHDVHGWR
REWDLQLQJDJRRGUHVXOWEXWZHIRXQGVPDOORVFLOODWLQJLQWHPSHUDWXUH:LWKWKLVRVFLOODWHZHLQFUHDVHGWKHkdWR
DQGZHJRWWKHEHWWHUUHVXOW+HQFHWKHkpkiDQGkdZHUHVHWWRDQGUHVSHFWLYHO\)RUWKLVJDLQWKH3,'
FRXOGFRQWUROWKHWHPSHUDWXUHDWWKHVHWSRLQWZLWKR&VWDQGDUGXQFHUWDLQW\
 

)LJ7KHZDYHOHQJWKUHVXOWHGRIUHGODVHUGLRGHDWQPRSHUDWLQJIRUPLQXWHVZLWKVWHSVRIPLQXWHV
7R YHULI\ WKH SHUIRUPDQFH RI WKH GULYHU FLUFXLW ZH RSHUDWHG WKH V\VWHP DW URRP WHPSHUDWXUH ZLWKRXW DLU
FRQGLWLRQLQJ7KHZDYHOHQJWKRIWKHUHGODVHUGLRGHDWQPFRXOGEHDFFXUDWHO\UHSURGXFHG7KHODVHUGULYHU
RSHUDWHGLQVWDELOL]HGZDYHOHQJWKZLWKWLPHDIWHUPLQXWHVDVVKRZQLQ)LJ7KHVWDELOLW\RIWKHZDYHOHQJWKZDV
GRPLQDWHG E\ WKH DELOLW\ WR FRQWURO WKH WHPSHUDWXUH RI WKH ODVHU GLRGH 1DWXUDOO\ WR FRQWURO WKH WHPSHUDWXUH LV
GLIILFXOW DQG WLPHFRQVXPLQJ+HQFH WKH SHUIRUPDQFH RI WKH GULYHU FLUFXLW ZDV DFFHSWDEOH )RU WKH JDXJH EORFN
LQWHUIHURPHWHUWKHV\VWHPVKRXOGEHZDUPXSDWOHDVWPLQXWHVIRUWKHZDYHOHQJWKVWDELOLW\EHIRUHPHDVXUHPHQW
6XPPDU\
:H KDYH GHYHORSHG D GULYHU FLUFXLW IRU ODVHU VRXUFH WR EH XVHG IRU D JDXJH EORFN LQWHUIHURPHWHU 7KH UHVXOWV
VKRZHGWKDWWKHFDSDELOLW\RI ODVHUGULYHURSHUDWHGLQVWDELOL]HGZDYHOHQJWKZLWKWLPHDIWHUPLQXWHV7KLVWLPH
WKHV\VWHPZDVLQHTXLOLEULXPDQGWKHZDYHOHQJWKZDVHTXDOWRQP)RUWKLVVLWXDWLRQ3,'UHTXLUHGkpki
DQGkdHTXDOWRDQGUHVSHFWLYHO\IRUVHWSRLQWWHPSHUDWXUHDWR&:LWKWKLVVWDEOHLQZDYHOHQJWKWKH
ODVHUGULYHUZDVUHDG\WRGULYHWKHODVHUVRXUFHIRUWKHJDXJHEORFNLQWHUIHURPHWHU
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